The b baryon was rst observed in the exclusive decay b ! J= by the UA1 experiment at the Sp pS collider [1] . Evidence for its production in Z hadronic decays has been reported by the LEP experiments [2, 3] . They attributed the observed correlation between 's and leptons (`'s) to b decays. Measurements of the average b-baryon lifetime have been recently published [3, 4] . Its precise determination tests the theory of heavy quark decays and the simple quark-spectator model. This is of particular interest for the beauty quark [5] where, due to the high b-quark mass, the theoretical predictions based on perturbative expansions are less uncertain than those for charm decays.
This paper extends the previous analysis [3] and adds two new semileptonic decay channels, based on the detection of a c or a fast proton (p) in the same jet as a high transverse momentum lepton. The `channel provides a clear signature for b-baryon production but the position of the b-baryon decay v ertex is precisely determined with relatively low eciency. The c`c hannel provides the purest b-baryon sample. Finally the p`channel relies on the particle identication capabilities of DELPHI.
The DELPHI Detector
The DELPHI detector has been described in detail elsewhere [6] . Both charged particle tracking through the uniform axial eld and particle identication are important in this analysis. The detector elements used for tracking are: the Vertex Detector (VD), the Inner Detector (ID), the Time Projection Chamber (TPC) and the Outer Detector (OD). The other important detectors are: the the Ring Imaging Cherenkov detector (RICH) for hadron identication, the barrel electromagnetic calorimeter (HPC) and the muon chambers for lepton identication. The ionization loss dE=dx measurements in the TPC are also used for particle identication.
The VD, consisting of 3 cylindrical layers of silicon detectors (radii 6, 8 and 11 cm), provides up to 3 hits per track (or more in small overlapping regions) in the polar angle range 43 o < < 137 o . The intrinsic resolution of the VD points is 8m, measured only in the plane transverse to the beam direction (r plane). The precision on the impact parameter with respect to the primary vertex of a track h a ving hits associated in the VD is 26m, measured in dimuon Z events.
Charged particle tracks were reconstructed with 95% eciency and with a momentum resolution p =p < 2:0 10 3 p (GeV/c). The primary vertex of the e + e interaction was reconstructed on an event-by-event basis using a beam spot constraint. The position of the primary vertex could be determined in this way to a precision of about 40m (slightly dependent on the avour of the primary quark-antiquark pair) in the plane transverse to the beam direction. In this plane secondary vertices from beauty and charm decays were reconstructed with a precision of 300m along the ight direction of the decaying particles. The ! p decays could be reconstructed if the distance (in the r plane) between the decay point and primary vertex was less than 90 cm. This condition meant that the proton and pion had track segments at least 20 cm long in the TPC.
Hadron identication relied on the specic ionization in the TPC and on the RICH detector. The dE=dx measurement had a precision of 7% in the momentum range 4 < p < 25 GeV/c. The RICH detector [7] consisted of a liquid radiator which provided p=K= separation in the intermediate momentum region 2{8 GeV/c, and a gas radiator which w orked in veto mode for proton selection in the region 8{15 GeV/c and separated protons from kaons for momenta less than 30 GeV/c.
The barrel electromagnetic calorimeter (HPC), covered the polar angle region 46 < < 134 , and detected electrons with an energy precision E =E = 0 : 25= p E(GeV ).
Two planes of muon chambers covered the polar angle region 20 < < 160 , except for two regions of 3 around = 4 2 and = 138 . The rst layer was inside the return yoke of the magnet, after 90 cm of iron, while the second was mounted outside the yoke, behind a further 20 cm of iron.
3 Lepton selection and hadron identication
Hadronic events from Z decays were selected by requiring a charged multiplicity greater than 4 and a total reconstructed energy greater than 0.12 p s; c harged particles were required to have a momentum greater than 0.4 GeV/c and polar angle between 20 o and 160 o . The overall trigger and selection eciency was 0:9500:011 [8] . Lepton candidates in these events were used in the analysis if their momentum was greater than 3 GeV/c.
Electron Identication
The probability o f a n y track being due to an electron was calculated using the spatial separation between the extrapolated position of a track at the HPC and the position of the nearest electro-magnetic shower, a match b e t w een the measured energy and the track momentum and a successful t to the longitudinal prole of the shower in the 9 HPC layers [9] . Tracks with a 2 probability greater than 4% for this electron hypothesis were retained for further analysis. The nal electron sample was obtained by using additional information from the TPC and RICH. The dE=dx measurement in the TPC was used to check that the specic ionization for the track w as consistent with that expected from electrons with a probability of at least 2%. Also, when the gas RICH was sensitive i t w as required to show at least one associated photoelectron at the correct angle for the electron hypothesis. Electrons arising from photon conversions were removed by a v ertex t to pairs of electron candidates. If the e + e invariant mass was reconstructed to be less than 20 MeV/c 2 the pair was assumed to be a converted photon. Using this procedure the electron identication eciency in the HPC ducial volume was found to be (62 1)%, with a hadron misidentication probability o f ( 1 : 5 0 : 4)%.
Muon Identication
The identication of muons relied on the muon chambers. Tracks were extrapolated to the muon chambers and a global 2 of the track w as used to dene a retting procedure which t o o k i n to account the multiple scattering between the inner tracking devices and the muon chambers. At least 1 hit in the chamber layer outside the iron yoke and a 2 =ndof < 5 w ere required (< 6 in the forward region). The corresponding muon identication eciency was (81 1)% in the barrel and (82 2)% in the end-caps, with hadron misidentication probabilities of (1:01 0:05)% and (1:15 0:08)% respectively.
Hadron Identication using the RICH
Particle identication using the DELPHI RICH detector has been described in detail elsewhere [10] . The three analyses presented in this paper used protons with momentum range well above the pion threshold in the gas radiator of 2.5 GeV/c. A b o v e this threshold, the gas radiator worked in veto-mode for p= separation up to 16 GeV/c, with 75% eciency and a pion rejection factor of 15. A K=p separation with the same background rejection power was ensured in this mode of operation between 8.5 GeV/c, the gas radiator threshold for kaons, and 16 GeV/c. A b o v e this energy, identication was provided by the measurement of the Cherenkov angle of the detected photons using a \ring identication mode" algorithm [10] , with 80% eciency and rejection factors 5-10. This algorithm was also applied to the liquid radiator data, which provided complementary information for K= and K=p separation in the momentum range 1-7 GeV/c. The RICH was operational for 25% of the 1991 data, 60% of the 1992 data and nearly 90% of the 1993 data sample (gas radiator only).
< Channel
The analysis of events with a and a lepton is based on about 1.7 10 6 Z hadronic decays collected in the years 1991 -1993. Decays of b-baryons with a `pair in the nal state originate mainly from the decay c hain: b-baryon ! c` X; c ! X. These decays have the following properties: the lepton has high transverse and longitudinal momentum, the has a harder momentum spectrum than the produced in light quark fragmentation and the `pair has the right sign i.e. p` rather than p`+, where p is the proton from the decay. In the following the lepton transverse momentum (p T ) is computed, if not otherwise stated, with respect to the jet axis dened including the lepton in the jet. Charged particles are clustered into jets using the LUND jet nding algorithm [11] (routine LUCLUS) with a clustering mass parameter equal to 2.5 GeV/c 2 .
Semileptonic B meson decays, such a s B ! c N` X (where N is an antibaryon), can also contribute to an excess in right sign pairs. This was estimated to be negligible, under the conservative assumption that 100% of b quarks hadronize to a B meson, using the 90% CL upper limit BR( B!p` X)<1:6 1 0 3 [12] and the CLEO result that 30% of the protons produced in B decays come from particles [13] . This conclusion takes into account the fact that the eciency of the selection cuts described below (section 4.2) for this channel is smaller by a factor 3 than for the b-baryon decay.
Background events from direct c-quark production through the c ! c ! `X decay chain have protons and the leptons of the same sign; in addition, the lepton p T spectrum is softer. A quantitative analysis of the background based on detailed simulation of Z hadronic events is discussed in section 4.3.
selection
In the search for ! p decay all pairs of opposite sign charged particles with momentum 0:1 < p < 30 GeV/c were considered. A candidate vertex was formed if the minimum separation in the r plane of the two tracks was less than 3 mm and if their perigee separation in the beam direction was less than 5 mm. If the same track w as associated with more than one vertex only the vertex with the largest decay length (in the r projection) was used. For decays inside the beam pipe at least one vertex detector hit was required per track. Only combinations where the vertex was closer to the primary vertex than the starting point of both tracks were kept.
Particle identication greatly improved the background rejection with negligible loss in eciency. The identication criteria using the dE=dx measurement in the TPC and the selections for rejection of conversions and K 0 decays are described previously [3] . If the extrapolation of the track o f c harged particle with highest momentum (assumed to be the proton) to the RICH was in the sensitive v olume of the detector and the RICH was operational, the identication algorithm described in section 3.3 was used. To improve the signal-to-noise ratio further, the following kinematic selection criteria were applied: the angle in the r plane between the line of ight and the reconstructed momentum was required to be smaller than 2 and the probability for the lifetime of the decay candidate to be greater than that observed was required to be greater than 4%. Figure 1a shows the p invariant mass distribution for the remaining candidates with momentum greater than 4 GeV/c. In this sample the tted signal was 22793 556 decays, with a mass mean value of 1114:9 0:1 MeV/c 2 and a measured width of 4:1 0:6 MeV/c 2 .
The momentum distribution for the reconstructed candidates with the background subtracted is shown in gure 1.b for the mass range from 1106 to 1126 MeV/c 2 . I t i s compared with the prediction of the DELPHI simulation program using the JETSET 7.3 model [14] with the results analysed using the same programs as the real data. The ! p reconstruction eciency from the simulation, shown in gure 1c, was (201)% for p > 4 GeV/c. This increase in eciency compared with the previous DELPHI publication [3] is due to improved pattern recognition.
< Correlations
To select and leptons coming from the b decay c hain, the following criteria were applied: the momentum of the candidate was required to be greater than 4 GeV/c and the momentum of the lepton greater than 3 GeV/c. The lepton was only used if it was in the same jet as the and its p T was greater than 0.5 GeV/c. The mass of the c ombination was required to lie in the range 1.9 to 5.0 GeV/c 2 and the `pairs were only selected for analysis if their total momentum was greater than 9 GeV/c. In the simulation the above procedure reduced background sources of `pairs by more than two orders of magnitude [3] and selected b ! `X decays (provided the was reconstructed) with an eciency of (50 3)%.
The p invariant mass spectra in the data for the right and wrong sign `pairs are shown by the dots in gures 2.a and 2.b, together with the result of a t to the data using a Gaussian function and a polynomial background. The t gives a signal of (234 20 
Branching Ratios
As shown in gures 2.a,b, the simulation included a large number of 's coming from sources other than b-baryon decays, in both right and wrong sign combinations. The absolute value was model dependent and was not used in this analysis. However the ratio (R = 1 : 0 0 : 1) of the background level of 's in the two distributions in gures 2.a and 2.b was assumed to be correct. The statistical error of 0.1 on this ratio was included in the systematic error on the production rate. Moreover, a small b-baryon signal (15 5% of the signal in the right sign sample) was predicted in the wrong sign pair sample. Thus, to estimate the b-baryon yield in the right sign sample, the signal in wrong sign combinations was subtracted from the signal in gure 2a and the result scaled by the correction factor C = 1 = (0:85 0:05). This led to a total b-baryon signal of 144 33(stat:) 14(syst:) e v ents.
For the analysis of the pairs, a hadronic data sample in which the TPC and the barrel and forward muon chambers were more than 90% operational was used. This For the analysis of the e pairs, the hadronic data sample in which the TPC and HPC were more than 90% operational was used; this requirement selected 1,589,000 Z events. Table 1 shows the contributions from dierent sources to the total systematic uncertainty. The eciency of the selection dened by the kinematic cuts discussed in section 4.2 was dependent on the momentum spectrum, the polarization and the decay model Figure 3a shows the right-sign momentum spectrum after the subtraction of the wrong sign sample for the data (dots); the superimposed histogram, showing the simulation prediction for the momentum of reconstructed originating from a b-baryon, was in good agreement with the observed spectrum. Similar plots for the lepton p T spectrum, the sum of the lepton and momenta and the `invariant mass are shown in gures 3.b-d. The analysis followed the method previously used [3] and was based on the muon sample only. Since the extrapolation of the ight direction to the interaction region was not precise enough to separate secondary from tertiary vertices in the b-baryon decay chain, a unique secondary vertex was reconstructed using the , the correlated high p T muon and an oppositely charged particle (assumed to be a pion) with momentum greater than 0.4 GeV/c . The muon and the candidate pion were required to have at least 2 associated hits in the microvertex detector. To reduce the combinatorial background, the () i n v ariant mass was required to be less than 5.6 GeV/c 2 and the () i n v ariant mass to be less than 2.4 GeV/c 2 . F urthermore, the contribution of the muon and pion track t o t h e 2 of the vertex was required to be less than 3.5 and the contribution of the ight path less than 5. In case of more than one reconstructed vertex, the vertex with the pion of highest momentum was chosen. Out of 240 right sign events with 1:106 < M ( p) < 1:126 GeV/c 2 , 63 decay v ertices were reconstructed.
This procedure selected b-baryons in which the subsequent c harmed particle in the decay c hain had a small decay length with respect to the resolution of secondary vertices. In simulated data this did not introduce any sizeable bias in the decay length distribution of the b-baryon; the eciency was 40%, and in 90% of the cases the candidate pion associated with the vertex originated from the b decay c hain.
The b-baryon purity of the sample after the vertex reconstruction, F s , w as determined from the data by a t to the mass plots for the right and wrong sign correlations (gures 4.a,b). Assuming an equal number of background events in both samples, the t gave F s = (61 7)%.
Background events came from fake v ertices, whose lifetime distribution had an average value of zero and a Gaussian spread determined by the detector resolution, and from secondary vertices originating from charm baryon and B meson decays ( 0 flying background 0 component). The latter component w as predicted by the simulation to be (80 10)% of the background, both in the right and wrong sign pairs. Its average lifetime was determined from the data using a larger sample of candidate decays reconstructed in the high p T muon events, as described in [3] .
The b-baryon momentum was estimated from the total momentum p tot of the decaying particles using the residual energy technique. The residual energy was computed by subtracting the energy associated with the b-baryon candidate (the , the muon and the pion energy) from the total energy associated with charged particles in the hemisphere
b-baryon by this method. The charged pions from the b-baryon decay chain may be wrongly included in the residual energy computation. As discussed in [3] , the two eects nearly compensate, the correction factor computed in the simulation to reproduce the generated spectrum being on average 0:97 for unpolarized b-baryons. Sources of systematic error on this factor are the uncertainties on the b-baryon mass and polarization, its momentum spectrum and semi-leptonic decay modes. Their eect on the nal lifetime result is listed in table 2. The resolution of the b-baryon momentum predicted by the simulation was 11%, as shown in gure 5. The eect of the non-Gaussian tails of the distribution on the nal result of the lifetime t was found to be negligible (see below).
A maximum likelihood t was performed simultaneously to the lifetime distribution of the 63 events of the signal sample and to the one of the background vertices described above (300 events) with the likelihood function [3] : where and bck are the signal and background lifetimes; i is the error on the measured decay time t i ; the normalization constant F s for the signal fraction was xed to the tted value of the b-baryon purity discussed above; nally, F fb was the normalization constant for the background fraction from B;Dmeson decays and F nf = 1 F fb is the fraction of \non-ying" background. The three parameter t to the 63 decays in the X channel, [1] , to take i n to account the contribution to the observed decay c hannel of the production of b particle (measured to be 5 times smaller than b production [16] ), whose mass is expected to be 250 50MeV/c 2 higher than the b mass.
The same tting procedure applied to the Monte Carlo simulation sample gave: bck = 1 : 74 +0:10 0:08 ps and (b-baryon)= 1:52 +0:24 0:14 ps, compatible with the generated average b-baryon lifetime of 1.56 ps . In the simulation, dierent samples of b-baryons were generated with average lifetimes varying in the range 0:75 2:25 ps and added in turn 
c selection
The c was reconstructed via the decay c ! pK. This is the most abundant decay mode but it is accompanied by a large combinatorial background. In order to enhance the signal, kinematic selection criteria on the c candidates were optimized using the simulation. The c was only accepted if the candidate's momentum was greater than 10 GeV/c and if the proton momentum was greater than the momentum and also greater than 5 GeV/c. The protons and kaons were identied by the RICH or by requiring that their dE=dx measurements be within 2 standard deviations of the expected values. In addition, all three tracks were required to have at least 2 hits in the VD, the 2 probability of the 3-prong tted vertex was required to exceed 0:01 and the ight distance in the r plane, L T , w as required to be greater than 350m. Figure 6 shows the pK invariant mass distribution obtained. A t to the pK invariant mass distribution using a Gaussian distribution superimposed on a linear background yields a signal of 137 30 events.
c < correlations
To improve the c eciency in events with an identied lepton, the cut described above on the ight distance of the c candidate was relaxed, requiring only L T > 0: The c candidates were paired with identied leptons with momenta greater than 3 GeV/c within a cone of 45 around the c direction. The lepton was required to have a p T greater than 0.6 GeV/c. The total momentum of the lepton and of the c was required to be greater than 18 GeV/c and the invariant mass of the c ( c e) pair was required to exceed 3. Table 4 summarizes the dierent contributions to the systematic error. Table 4 : Contributions to the total systematic uncertainty on the b-baryon production rate times the branching ratio to c` X. 
Measurement o f b -baryon lifetime
In the c` X channel, b-baryon candidate vertices were reconstructed using the trajectories of the c and the lepton to t a common vertex. The b momentum was estimated with the missing energy technique: E b = E beam E visible + E c + Eẁ here E visible was the sum of the energies of both charged and neutral particles in the same hemisphere as the c . The quantity E beam E visible measured the neutrino energy in the b-baryon semileptonic decay (this was not true in the `analysis, where the c decay was not fully reconstructed), provided that only the 3-body c` decay m o d e w as present. In this case, the simulation showed that the momentum used must be scaled by the factor 0:950 0:015, where the uncertainty w as due to the nite statistics available.
If one or two additional pions were produced in the b decay, the estimator gave a b energy that was on average respectively 3.5 or 6 GeV too low, but this eect was reduced by the lower eciency of the many-modes with respect to the 0-mode.
A sample of 28 signal vertices was selected using right sign c`p airs with 2:260 < M(pK) < 2:310 GeV/c 2 . The b-baryon purity of this sample was determined from a t to the data to be (60 20)%. In a similar way, a sample of 139 background vertices was selected with wrong sign pairs with 2:085 < M ( pK) < 2:485 GeV/c 2 and sideband right sign pairs (2:085 < M ( pK) < 2:240 GeV/c 2 and 2:330 < M ( pK) < 2:485 GeV/c 2 ).
The reconstructed c track and the lepton were tted to a common secondary vertex (the b-baryon candidate decay v ertex); the proper time distributions of the signal and background samples, shown in gure 7c and 7.d respectively, w ere tted with the same technique used for the study of the `channel. The dierent contributions to the systematic error are shown in table 6. The eects of the b polarization have been studied with the simulation and found to be negligible.
Muon-proton channel
In the analysis of this channel, semileptonic decays of b-baryons were selected by the presence of a muon and a proton of high momenta and opposite charges in the same jet. About 500,000 hadronic events recorded in 1992 with the barrel gas RICH operational It is noted that the ight distance of the secondary charm baryon is, on average, much less than that of its parent, and that the fast proton follows its direction. To allow for a precise determination of the b-baryon decay v ertex, which is essential for the present analysis, the proton and muon candidates were required to have at least two associated hits in the Vertex Detector. Detailed simulations showed that 70% of b ! pX decays gave rise to a reconstructed three-dimensional -p vertex. These vertices were distributed around the simulated b decay v ertex with a precision of 300 m in the r plane. The requirement of the detection of the proton in the VD and secondary muonproton vertex reconstruction substantially reduced backgrounds due to tertiary protons:
only (16 7)% of the signal was estimated to be protons from non-charmed hyperon decays in the b-baryon decay c hain. This results in an overlap smaller than 5% between this sample and the sample discussed above.
Signal and background characteristics
The signal muon-proton pairs have the following properties: the muon has hard momentum (p ) and transverse momentum (p T ) spectra, the proton has a hard momentum (p p ) spectrum, the muon and proton form a secondary vertex and they have opposite charge. The background is due to genuine protons which do not come from from b-baryon decays and to pions and kaons misidentied as protons, as well as charged hadrons faking muons.
The background involving genuine protons was almost completely eliminated by requiring the proton momentum to be above 8.5 GeV/c and the muon momentum above 4 G e V/c. The background involving fake protons is dominated by c harged kaons. At low p T the muon-kaon pairs are predominantly of opposite charge whereas at high p T the background is mostly same sign pairs. This ip in the charge correlation of the background involving kaons is caused by semileptonic b-hadron decays b ! c followed by a c ! sX transition dominating at high p T and semileptonic decays of primary and secondary charm hadrons c ! s + dominating at low p T . Because of this, the procedure of removing events below a given transverse momentum of the muon and subtracting the wrong charge correlation, used in the analyses of `and c`c hannels, was not followed.
Instead, a global t (see section 6.3) to the muon p T spectrum, the hadron dE=dx distribution and the proper time distribution of reconstructed muon-hadron vertices was applied to the separate samples of muon-hadron pairs enriched in protons, kaons and pions simultaneously. These samples were obtained with the use of the RICH as explained in the next section. In this way the yield of b-baryon signal and its average lifetime was extracted using all charged hadron identication information and minimizing the dependence on the simulation.
Sample Denition 6.2.1 Hadron Identication
Hadrons y were selected in a momentum range where energetic kaons and protons could be separated by the gas radiator of the RICH, namely p 8:5 G e V/c. In this range, the expected mean number of Cherenkov photons detected for a kaon by the RICH was greater than 1.5. Protons up to 16 GeV/c are below the Cherenkov threshold. K/p separation was eective u p t o 3 0 G e V/c and covered most of the high momentum part of the spectrum of the signal protons.
Using the information provided by the RICH, four separate samples of energetic charged hadrons were dened: the proton sample. This contained tracks whose proton hypothesis probability exceeded 90%. This cut suppressed kaons and pions suciently to make the p:K: ratio approximately 1:1:1. the kaon sample. This contained tracks whose kaon hypothesis probability exceeded 80%. This cut removed all protons and gave a K / ratio greater than 2. the pion sample. This required that the pion hypothesis probability exceeded 25% and that more than 5 Cherenkov photons were compatible with the pion hypothesis. All protons and kaons in this data set were suppressed by this cut. the unresolved hadron sample taking all tracks not accepted in the previous three samples. The composition of these samples was determined using dE=dx measurement from the TPC. In the momentum range above 8.5 GeV/c pions, kaons and protons are on the relativistic rise of the dE=dx. The mean values of their energy loss dier by approximately constant amounts from 4 G e V/c up to 25 GeV/c. Requiring at least 30 hit TPC wires to analyse a track, the ratios dE dx =T j (p) of the measured mean energy loss to the momentum dependent theoretical values T j (p) ( j = p,K,) h a v e Gaussian distributions with a common precision of 7%. The consistency between the theoretical and observed specic ionization was checked on the four samples described above. This ensured a very good parameterization of the specic ionization measurement, independent of the simulation.
Muon-Hadron Selection
The selection procedure consisted of three sets of cuts, which will be referred to in the determination of the selection eciency (section 6.4):
y In what follows hadron stands for a charged particle not identied as a muon.
1. Event and muon selection: In addition to the hadronic event selection described in section 3 a successfully reconstructed primary vertex was required, formed by a t least three charged tracks with the 2 probability of the vertex t greater then 1%. The muon candidate selection (section 3.2) was complemented by the requirement that the muon candidate had at least two associated hits in the Vertex Detector and a momentum above 4 G e V/c. These cuts dened the event sample used for the determination of the number of muons from b decay (see section 6.4) and to which the muon-hadron vertex search w as applied. 2. Hadron track quality cuts: hadrons were accepted when the information from the RICH was available for the hadron track, when the hadron track had at least two associated hits in the Vertex Detector, and more than 30 wires used for the dE=dx measurement. 3. Muon-hadron vertex denition: muon-hadron pairs were accepted when the hadron had a momentum above 8.5 GeV/c, when the muon and the hadron were in the same jet, when the muon-hadron secondary vertex had a probability greater than 1%, and the error on the distance V between the primary and the secondary vertices was smaller than 1mm. Combining these three sets of cuts with the RICH selection described in the previous section, four samples of muon-hadron pairs were obtained: the muon-proton sample (p) and the muon-kaon (K), muon-pion () and muon-unresolved (X) control samples z .
b-baryon Lifetime 6.3.1 Global Fit Procedure
A maximum likelihood t was used to estimate the number of muon-proton pairs from b-baryon decays and the average lifetime of b-baryons.
For each -hadron event, the dE=dx, the signed muon transverse momentum p (S) T = S p T (where S = +1 for the right sign and S = 1 for the wrong sign correlation), and t = V =(p bar =M bar ), where V is the distance of the -hadron vertex from the primary vertex, were considered as a set of three independent measurements. The last quantity estimated the b-baryon proper time assuming the event belongs to the signal. To compute it, the b-baryon momentum p bar was evaluated using a linear relationship with respect to jp +p p j obtained in the simulation ( 16% accuracy at 13 GeV/c and 6% at 35 GeV/c). Six classes of events were distinguished: (1) the signal, the backgrounds involving (2) protons, (3) kaons from b-hadron decays, (4) other kaons, (5) pions from b-hadron decays and (6) other pions.
Each class had its own probability density function (pdf ) being the product of the three pdf 's associated to each of the measured quantities:
T ; dE dx ; t j class) = P ? ( p ( S ) T j class) P dE dx ( dE dx ; dE dx jclass) P t ( t; t jclass) The P ? probability density functions were taken from the simulation. In this pdf the distinction between dierent ' k aon' classes (3 and 4) and 'pion' classes (5 and 6) were preserved to allow for variations in the muon transverse momentum distributions resulting from the two components of the backgrounds of kaons and pions. z In the following, the notation i will be used to refer generically to one of these four samples.
The PdE dx probability density function was taken to be:
where T j were momentum dependent theoretical mean values of the dE=dx for the hadron from the class j.
The signal P t probability density function was parameterized as a convolution of an exponential decay probability density function of mean p and a Gaussian resolution function. The kaon and pion background P t probability density functions were taken as linear combinations of a ying part (fraction f BGD (K or ) described by a convolution of an exponential decay of eective lifetime BGD (K or ), and a resolution function) and a 'non ying' part (fraction 1-f BGD described by a resolution function alone). These four parameters, BGD (K), BGD (), f BGD (K) and f BGD (), were determined by the t. For the P t probability density function of the proton background two extreme parameterizations were used: the pion one and a Gaussian parameterization. The nal results were obtained by a v eraging the results of the ts performed with these two parameterizations of the proton background P t pdf , taking half of the dierence as a contribution to the systematic error.
The following negative log-likelihood function was minimized by the t:
where N i was the population of sample i and F(classji) w as the fraction of events in sample i coming from the given class. The 24 composition parameters F(classji) w ere constrained by four normalization conditions (one for each sample): P 6 j=1 F(jji) = 1 . Moreover, the relative contents F(jji)=F(j + 1 j i) of the proton classes (j = 1), the kaon classes (j = 3) and the pion classes (j = 5 ) w ere the same in each sample. This left 11 independent fractions to be determined by the t. The proton content in the three control samples and the kaon content i n t h e sample were found by the t to be compatible with zero and were xed to zero in the nal t, leaving only seven composition parameters to be determined. The systematic eect introduced by this assumption was taken into account in the contributions from the background composition.
Results of the Fit
The t was performed with 125 events of the p sample, 243 events of the K sample, 295 events of the sample and 369 events of the X sample.
The projections of the t space onto the p (S) T , = ( dE dx =T p 1)=dE dx and t axes are shown in gures 8, 9, and 10 respectively. The purity of the signal can be read from gure 11 where additional cuts on p o ps :
The rst systematic error was due to the measurement procedure, whereas the second represents the inuence of unknown b-baryon properties.
The estimates of the seven composition variables chosen as t parameters, together with the ve v ariables involved in the lifetime part of the likelihood function are reported in table 7.
The correlation matrix for the variable parameters is given in table 8. The \compo-sition" parameters (P 1 P 7 ) and the \lifetime" parameters (P 8 P 12 ) are practically uncorrelated. There was no parameter correlated to the mean b-baryon lifetime (P 8 ) b y more than 12%. ; (2) these fractions were xed to the Monte-Carlo prediction; (3) K o r X samples were excluded from the t. The maximal variation of the t results was taken as a contribution (\K, bkg composition" in table 9).
To e v aluate possible systematics related to the parameterization of the P ? probability density function of the proton background class, this class was divided into four groups characterized by v ery dierent p (S) T spectra of the accompanying muon: (1a) right sign muons from b-hadron decays, (1b) wrong sign muons from b-hadron decays, (2a) other right sign muon candidates (2b) other wrong sign muon candidates. From the set of these four groups, 14 non-trivial subsets can be chosen (4 containing one group, 6 containing two groups and 4 containing three groups). The t was performed 14 times with the P ? probability density function of the proton background sample determined after the chosen subset was scaled up by a factor of 2. The maximal variation was taken as an estimate of the systematic eects (\p bkg composition" in table 9 ).
The results quoted were obtained with p T calculated including the muon candidate in the jet. To e v aluate systematic errors, p T was replaced (1) by p T out calculated excluding the muon candidate from the jet and (2) by the quadratic sum q (p T 2 + ( p = 10) 2 ). All three denitions were tested with several binnings. The maximal variation was taken as a contribution to the systematic error (\p T binning/denition" in table 9).
In the likelihood function, the P t probability density function was used only for the right sign muon-proton sample, and optionally for the part above some p T cut. Outside this sample P t pdf's were xed to a constant v alue for all classes. The result was found to be stable within 2% in the range of p T cut from 0 GeV/c (no cut) to 0.7 GeV/c as can be seen in the gure 12. For higher cut values, the b-baryon lifetime begins to uctuate within increasing statistical error.
The t procedure was tested in the following way. F rom the available statistics of signal muon-proton pairs in simulated b-baryon decays passing all the selection cuts, dierent sets of 28 pairs each w ere randomly chosen; from each of them a larger test sample of muon-hadron pairs was formed by adding a number of muon-unresolved hadron pairs randomly chosen from real data, in such a w a y as to reproduce in the test sample the signal fraction 0.23 observed in the data. The generated lifetime of the b-baryon in the simulation was 1.3 ps. The whole t was repeated several times with the data muonproton sample replaced by one of the test samples described above. The distributions of the t result for the proton signal fraction P 1 and for the average b-baryon lifetime P 8 are shown in gures 13a,b respectively; their average values reproduced the known input values of the parameters, with a spread in agreement with the average t error.
Branching Ratio
The number of signal events found by the t was used for the calculation of the following production rate: N(p from b-baryon) is the number of signal events found in the previous section. 1 is the eciency of the \event and muon" selection (the rst item in the Section
6.2.2).
2 is the eciency of the hadron track quality cuts (the second item in the Section 6.2.2). This eciency was found in the data. 3 is the eciency of the additional selection dened in the third item of the Section 6.2.2. This eciency was found using simulation.
R is the eciency of the selection of the p sample with the RICH. This eciency was found by the t (before xing to zero proton contents in the control samples). Entries for the theoretical systematics are similar to those described in the analysis of the `channel. C is the correction due to the residual presence of protons from the chain decay b-baryon! c-baryon!hyperon!proton.
Conclusions
The production and lifetime of the b-baryon has been studied with three dierent and complementary methods, relying on the detection of a fast , a c and a fast proton in the same jet as a high p T lepton. The following semi-exclusive branching ratios have The above lifetime determinations rely on completely independent e v ent samples. This was checked on an event b y e v ent basis for the -proton and -c samples, where a small overlap could not be excluded a priori by the selection criteria discussed above. The overlap between the and the -proton samples was found negligible by the simulation, as discussed in section 6. The common systematics, due to the modelling of the b-baryon production and decay properties, can be inferred from tables 2, 6 and 7.
Averaging the three results, under the assumption that the dierent b-baryon species enter in the same proportion in the decay c hannels considered (all of them are expected in fact to be largely dominated by the b baryon), gives the mean b-baryon lifetime: T is signed transverse momentum of the muon. Its positive v alues correspond to the right sign combination (muon and hadron have opposite charges), whereas negative values to the wrong sign one (same sign {hadron pairs). Points with error bars (data) are compared to the t (uppermost curve) decomposed into six classes shown with dierent hatching. The four plots shown correspond to the four samples used in the t. 
